Despite numerous socioeconomic and political changes in the past decades, a transition toward a market-driven economy, as well as life loses and migrations during the war for independence (1991) (1992) (1993) (1994) (1995) , no increase in the prevalence of HIV infection has been observed in recent years. 2 A total of 862 persons have been diagnosed with HIV infection in the period 1985-2010 in Croatia. 3 However, the proportion of men who have sex with men (MSM) among newly diagnosed patients with HIV infection is increasing (up to 80% in recent years) and a concentrated epidemics among MSM might be emerging. 4 Clinical care of HIV patients in Croatia is centralized and all patients are treated exclusively at the HIV/AIDS center of the University Hospital for Infectious Diseases (UHID) in Zagreb. 2 The health care insurance system is universal and antiretroviral treatment is free of charge for all citizens. Noteworthy, there are fewer antiretroviral drugs available in 1 Croatia compared to European Union (EU) countries. For example, in 2009, out of 26 antiretroviral drugs registered in the EU, only 14 were available in Croatia. 5 The majority of HIV-1 infections in Croatia are associated with subtype B. Molecular analysis of HIV subtypes in 145 Croatian patients (2001) (2002) (2003) from different risk groups showed that 26% of infections were due to non-B subtypes (predominantly CRF02_AG, subtype C, subtype A, and CRF10_CD). 6 Non-B subtype infections were found only in Croatian patients with heterosexual exposure (predominantly seafarers and their steady female partners) whereas HIV epidemics in MSM were due to subtype B infections only. 6 A more recent respondent-driven sampling (RDS) study on the prevalence of HIV, sexually transmitted infections, and risky sexual behaviors among MSM from the capital of Croatia (Zagreb) confirmed the predominance of subtype B infections within this risk group. 7, 8 Transmission of antiretroviral drug-resistant HIV strains from treated patients who have experienced a suboptimal response to treatment or treatment failure to treatment-naive patients has been reported in both developed countries with long-term access to antiretroviral drugs as well as in developing countries with limited project-driven access to treatment. However, the data on the prevalence of transmitted drug resistance (TDR) reported in various studies are often not directly comparable, mainly due to the different methodological approaches (sampling strategy, etc.) and criteria for interpretation of primary resistance mutation significance (surveillance drug resistance mutations list recommended by the World Health Organization in 2009 versus other algorithms for the analysis of drug resistance mutations). 9, 10 The reported prevalence of TDR in Europe ranges between 0% and 25%. The prevalence of transmitted drug resistance in Europe has been carefully monitored via the surveillance program SPREAD. A recent report on the SPREAD program by Vercauteren et al. (2009) that enrolled 2793 patients from 20 European countries and Israel showed an overall TDR prevalence of 8.4%. 32 Although there was no time trend in the overall drug resistance or nucleoside analogues reverse transcriptase inhibitor (NRTI) resistance, a significant decrease in the prevalence of protease inhibitors (PIs) and nonnucleoside reverse transcriptase inhibitor (NNRTI) resistance was observed in the study leading to the conclusion that TDR appears to be stabilizing in Europe. 32 Noteworthy, the SPREAD study reported TDR trends for the period from September 2002 through December 2005 and more recent data on TDR in Europe are available only via national studies.
We performed a retrospective study on a representative cohort of HIV-1 patients (according to the national distribution of transmission risk groups) providing a 65% national coverage of newly diagnosed HIV-1 patients in a 3-year period (2006) (2007) (2008) . The aim of the study was to determine the prevalence of TDR to NRTIs, NNRTIs, and PIs and patterns of primary resistance mutations in treatment-naive HIV-infected Croatian patients. To the best of our knowledge this is the study with the highest coverage of newly diagnosed HIV-1 patients on a national level in a 3-year period to date.
Recently, we conducted a respondent-driven sampling (RDS) biobehavioral study on the prevalence of sexually transmitted infections including HIV as well as risky sexual behaviors among 360 MSM from Zagreb (the capital of Croatia). 8 Phylogenetic analysis of sequences from HIVinfected RDS participants showed the presence of a transmission cluster suggesting an ongoing spread of HIV infection among MSM in Zagreb. 8 The impact of transmission clusters on primary drug resistance in relatively closed populations has recently been evaluated by Yerly et al. 24 A phylogenetic analysis of pol sequences from 637 newly diagnosed HIV patients from Geneva showed that transmission clusters were more frequent in patients with TDR. 24 Yerly et al. suggested an important contribution of transmission clusters as a self-fuelling mechanism of TDR. 24 In this study, by using phylogenetic analysis, we also evaluated the contribution of transmission clusters to the spread of resistant virus in newly diagnosed treatment-naive HIV-infected MSM from Croatia.
Materials and Methods

Study design and patients
The study enrolled treatment-naive patients who were diagnosed with HIV-1 infection at the Croatian Reference center for HIV/AIDS and UHID between January 2006 and December 2008, were ‡ 18 years old, provided a sample for genotyping resistance testing within 6 months of diagnosis, and had plasma viremia > 1,000 HIV-1 RNA copies per ml. Selected demographic and epidemiological data on enrolled patients were obtained from patient's records. The study was approved by the Ethics committee of UHID and informed consent was signed by all patients.
Virological and immunological monitoring
Plasma viremia and absolute counts of CD4 T cells obtained on the date of the sample that was used for genotyping analysis were collected for all patients. Alternatively, the closest plasma viremia and CD4 T cell counts measured within 6 months of the date of the sample used for resistance testing were used for analysis.
HIV-1 RNA quantification was performed by using the COBAS AmpliPrep/COBAS Amplicor HIV-1 monitor assay (Roche Molecular Systems Inc., Branchburg, NJ) as recommended by the manufacturer. Quantification of CD4 + T cells in the peripheral blood was performed by using a Cytomics FC500 flow cytometer (Beckman Coulter, Fullerton, CA) and tetraONE system (CD45-FITC/CD4-PE/CD8-ECD/ CD3-PC5 and CD45-FITC/CD56-PE/CD19-ECD/CD3-PC5 with Flow-Count Fluorospheres, Beckman Coulter).
Nucleic acid sequencing and analysis of primary resistance HIV-1 RNA was extracted from plasma by using the QIAmp Viral RNA Kit (Qiagen, Hilden, Germany).
The HIV-1 protease gene (codons 1-99) and a part of the reverse transcriptase gene (codons 41-223) of the pol region were sequenced by using the TRUGENE HIV-1 Genotyping System (Visible Genetics, Toronto, Canada) as recommended by the manufacturer. Population-based nucleotide sequencing was performed by using an automated sequencing system (Long Read Tower, Visible Genetics). Sequences were aligned and compared with the reference strain HIV-1 LAV-1 genome (GenBank number K02013) by using OpenGene DNA Sequencing System software (Visible Genetics).
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Primary resistance to antiretroviral drugs was defined as the presence of ‡ 1 surveillance drug resistance mutations (SDRM) as recommended by Bennet et al. in 2009, which is applicable for all subtypes. 10 HIV-1 subtypes were determined by the Rega HIV-1 subtyping tool (version 2.0, available at http://www.bioafrica.net/ subtypetool/html/). 34 The BioEdit package was used for aligning pol sequences (Clustal W) and manual editing of the alignment, from which a phylogeny was constructed by employing the maximum likelihood (ML) approach using PhyML 3.0 with 1,000 bootstrap replicates. 35, 36 The general time reversible (GTR) model with invariable sites and gamma distribution of rates among sites was chosen as the best fitting nucleotide substitution model, proposed by Akaike Information Criterion (AIC) of jModeltest 0.1.1. 37, 38 Posterior probability values of clades were obtained using MrBayes v3.1.2 with MCMC run for 1.5 · 10 6 generations and sampling frequency of 1,000 and trees were summarized after 25% burnin. 39, 40 Trees were viewed and edited by Dendroscope 3. 41 Transmission clusters were defined as groups of three or more patients with at least two ancestors (to eliminate false clustering on account of rooting) having a bootstrap value of at least 980 and Bayesian posterior probability of 1. Pairs were not considered as transmission clusters, since they may not represent an on-going transmission. 24, 42 To eliminate false clustering due to selection of drug resistance mutations, major drug resistance positions according to the IAS table were removed from the alignment and phylogenetic trees were constructed as before. 43 A total of 846-base pair-long sequences were used to construct ML phylogenies. Sequences from patients analyzed for primary resistance are available at the EMBL Nucleotide Sequence Database under accession numbers HE653276-HE653394 (sequences CRO529, CRO546, and CRO548 were excluded from phylogenetic analysis, due to bad quality). Additionally, 20 sequences from 16 epidemiologically unrelated Croatian HIV-1-infected patients obtained during routine clinical monitoring at UHID (resistance testing due to virological failure) were used as controls (designated 1-CRO, 2-CRO, 5-CRO, 7-CRO to 17-CRO, and 19-CRO to 24-CRO). These sequences are also available at the EMBL Nucleotide Sequence Database under accession numbers FN424270-FN424273, FN424275, FN424283-FN424284, FN424286-FN424292, and FN424294-FN424299. The sequence of subtype K (accession number AJ249239) was used as an outgroup.
Statistical analysis
We describe our data with frequencies, medians, and interquartile ranges. Frequencies were compared between groups by the Fisher exact test. Groups with continuous variables were compared with the Wilcoxon-Mann-Whitney U-test.
Results
Study population
A total of 180 newly diagnosed patients with HIV-1 infection have enrolled into care at the Croatian Reference Center for HIV/AIDS and UHID in the period 2006-2008. Of those, 168 patients were eligible for the study (nine patients were excluded due to viremia < 1,000 copies per ml, two patients were < 18 years of age, and one patient did not provide a sample for virological monitoring). Of those, 125 patients were randomly selected for genotyping resistance testing (with respect to the risk factors for HIV transmission and sex). Nucleic acid sequencing was successfully performed in 118 of 125 patients (94.4%). Sequencing failures were associated with lack of amplification (n = 4) as well as an incomplete sequence of the target region (only the protease sequence was available) in three patients.
We report findings for 118 of 180 eligible patients (65.6%, 111 men, 94.1% and seven women, 5.9%, median age 37.4 years, interquartile range IQR 28.4-43.6 years). Risk factors for HIV infection in the patients were MSM (n = 80 of 118, 67.8%), heterosexual (n = 24, 20.3%), intravenous drug users, IVDU (n = 3, 2.5%), and unknown/declined to answer (n = 11, 9.1%) ( At the time of primary resistance analysis, the median CD4 + T cell count of patients was 311 cells/ll (IQR 100-506 cells/ll). The median plasma viremia was 78,450 copies/ml (IQR 19,600-377,000 copies/ml).
Distribution of HIV subtypes and TDR analysis
The majority of patients analyzed in this study were infected with subtype B of HIV-1 (105 of 118, 89%), while non-B subtypes were detected in 13 (11%) patients only: subtype A (n = 6, 5%), subtype C (n = 3, 2.5%), CRF02_AG (n = 2 patients, 1.7%), CRF01_AE (n = 1, 0.8%), and subtype D (n = 1, 0.8%).
The majority of patients infected with subtype B (n = 105) were males (n = 102, 97.1%) and MSM (n = 77, 73.3 %). Other risk factors for HIV transmission in patients infected with subtype B were heterosexual contacts (n = 15, 14.3%) and intravenous drug use (IVDU) (n = 2, 1.9%), with 11 patients (10.5%) classified as unknown/declined to answer.
Ten of 14 patients with non-B subtypes (nine males and five females) belonged to the heterosexual risk group, one patient was a heterosexual with a history of IVDU, and three patients were MSM.
SDRM were detected in 26 of 118 patients (22.0%). The majority of patients with primary resistance carried SDRM associated with resistance to NRTI (23/118 patients, 19.5%).
One SDRM was found in 17 of 23 patients with NRTI primary resistance. The most frequently found NRTI SDRM was 215S (17 of 118 patients, 14.4%) while four other SDRM to NRTI (F77L, M184V, T215C, and T215D) were found in one patient each (Table 2) .
Two SDRM to NRTIs were found in four patients (T215S and K219R, n = 1; T215S and L210W, n = 2; D67G and K219E, n = 1, Table 2 ).
Three SDRM to NRTIs were found in two patients only (M41L, L210W, and T215D in both patients, Table 2 ).
NNRTI-associated SDRM were detected in two patients (Y181I and K101E) and one patient had a combination of SDRM associated with resistance to both NRTIs and NNRTIs (T215S and K103N, Table 2 ).
SDRM to PI were not detected in Croatian patients analyzed for primary resistance.
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All patients with SDRM were infected with subtype B (Table 1) . Risk factors for HIV infection in patients with SDRM were MSM (n = 20 of 26 patients), heterosexual (n = 3), and unknown/declined to answer (n = 3).
Phylogenetic analysis
Phylogenetic analysis was performed on 120 HIV-1 pol region sequences from newly diagnosed individuals as well as controls.
A total of 12 transmission pairs and eight distinct transmission clusters were identified ( Fig. 1) with the largest cluster harboring sequences from 19 patients, among them all but two carrying the T215S mutation.
No differences were seen in the obtained topology when reviewing the phylogenetic tree constructed from the alignment with removed drug resistance mutations (data not shown). Furthermore, even the cluster mentioned with 17/19 included patients harboring T215S had a bootstrap support of 999.
The prevalence of TDR in patients who were not a part of the T215S transmission cluster was 7.6% (9/118 patients).
Discussion
The results of this study have shown a high prevalence TDR in newly diagnosed HIV-infected patients from Croatia. The majority of patients with documented TDR were MSM infected with genotype B and the most frequently found SDRM was T215S. The prevalence of TDR to NNRTI was low (three patients only) whereas no resistance to PIs was detected. Phylogenetic analysis of HIV strains representing 65% of newly diagnosed patients in the selected time period (2006) (2007) (2008) showed the presence of a large transmission cluster composed of MSM carrying the T215S mutation that appears to play an important role in local transmission of resistant strains and affects the overall prevalence of TDR.
The prevalence of TDR in newly diagnosed HIV-infected persons on a European level is monitored via the SPREAD program. 32 The prevalence of TDR in patients diagnosed with 32 The prevalence of TDR in Croatia reported in this study is much higher (22%) compared with the overall prevalence reported by SPREAD. A high prevalence of TDR in Croatian patients is, in part, related to the contribution of the phylogenetically important cluster of MSM carrying the T215S mutation, which represented 77% of all patients with TDR in our study, the different time periods reported for Croatia and SPREAD, as well as the fact that Croatian data were not included in the 2002-2005 SPREAD analysis.
The prevalence of SDRM associated with NRTI resistance in the SPREAD study was 4.7%, whereas 2.3% patients showed SDRM associated with NNRTI resistance. 32 Primary resistance to PIs was reported in only 2.9% of patients. 32 The pattern of TDR in Croatia is different from that reported in the SPREAD study because no TDR associated with PIs was detected in our study. The prevalence of TDR to NNRTIs in Croatia (2.5%) is similar to that reported by the SPREAD study.
The majority of SDRM reported in the SPREAD study were at position 215 (RT215Y/F or revertant) with a prevalence of 2.51% followed by RT41L (1.5%) and RT103N/S (1.42%). 32 These data are in accordance with our results demonstrating a high frequency of the T215S mutation in Croatian patients.
The prevalence of TDR in newly diagnosed patients from the neighboring countries (Slovenia, Hungary, Serbia, Bosnia and Herzegovina, Montenegro, Italy) has been reported in several national studies that are variable in design, national coverage, as well as interpretation algorithms (mostly IAS).
The highest national coverage for TDR analysis in the national studies was achieved by Babic et al. reporting results for 87% of newly diagnosed patients in Slovenia between 2000 and 2004. 15 Only three of 77 treatment-naive HIV-infected Slovenian patients showed primary drug resistance mutations (scored according to the IAS algorithm). Despite the differences in the interpretation algorithm, it is clear that the prevalence of TDR reported for Slovenia was very low compared to Croatian data presented in this study. Similar to our results, no TDR associated with PIs was found in newly diagnosed patients from Slovenia. 15 Riva et al. analyzed TDR in a cohort of 119 seroconverters (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) collected for the CASCADE study and 271 newly diagnosed individuals (2002) (2003) (2004) (2005) collected for the SPREAD study in Italy. 28 The prevalence of TDR in the CASCADE study was 15.1% and was slightly lower in the SPREAD study (12.2%). 28 
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HIV-infected patients from Sicily showing results more similar to the Croatian data. 27 Interestingly, NNRTI-associated resistance was most frequently found in the Sicilian cohort (10.2%) with K103N being the most prevalent one (4.6%). 27 Mezei et al. extensively analyzed the molecular diversity of the env and pol regions in 30 treatment-naive HIV-infected MSM from Hungary diagnosed between 2008 and 2010 showing a 16.6% prevalence of TDR. 29 Similar to our results, treatment-naive Hungarian HIV-infected patients had TDR to NRTIs and NNRTIs whereas major mutations associated with primary resistance to PIs were absent.
Ciccozzi et al. reported no TDR in a small study (n = 10 treatment-naive patients) from Montenegro. 33 One of the prerequisites for the comparison of data from various studies on the prevalence of TDR is the use of identical resistance mutation scoring algorithms (the WHO algorithm was used in our study). Audelin et al. recently published one of the largest national studies on TDR in Europe (n = 1,405 patients) by using the WHO algorithm and reported a 6.1% prevalence of primary resistance among newly diagnosed patients from Denmark. 31 Similar to our study, Audelin et al. showed that the most frequent SDRM associated with NRTI resistance were 215 revertants (31.8% of individuals with transmitted resistance) followed by 103N/S for NNRTIs and 90M as well as 85V for PIs. 31 Phylogenetic analysis of the sequences in that study showed 12 transmission chains involving 37 individuals with primary resistance mutations. 31 The contribution of transmission clusters to the frequency of transmitted drug resistance in relatively closed populations has not been extensively evaluated. A recent study on 637 newly diagnosed HIV patients from Geneva showed that 34.9% of newly diagnosed patients and 52.7% of recent infections were parts of transmission clusters. 24 Furthermore, 84% of newly diagnosed patients with TDR mutations were parts of clusters that were composed of only newly diagnosed individuals. 24 The results of our study also showed clustering of the majority of patients carrying SDRM, suggesting an important contribution to the spread of resistant virus on a national level.
The majority of HIV-1 transmissions in Croatia occur among MSM who are primarily infected by subtype B (76% of reported cases for Croatia in 2008), similar to several other countries in South Eastern Europe. 4, 44 The SPREAD study as well as TDR in patients enrolled in the EUROSIDA cohort have shown that MSM infected with a subtype B virus were more likely than other patients to be infected with drugresistant HIV-1. 18, 32 Our results showing that the majority of newly diagnosed HIV-infected patients with SDRM were from the MSM group are consistent with these reports.
However, the introduction of non-B subtypes into the MSM population in Europe has also been well documented. Giuliani et al. showed that 13.5% (15/111) of MSM from Rome analyzed between 2004 and 2008 harbored non-B subtypes (mostly subtypes C, A1, and F1). 45 As expected, higher percentages of non-B subtypes were reported among non-Italian MSM (30.8%) compared with Italian MSM (8.2%). 45 The results of the Rome study suggest that HIV molecular diversity increases among MSM patients as well.
Non-B subtypes were present in a small proportion of patients tested for TDR from Croatia (11%) and were associated with heterosexual transmission only. These results are in accordance with the results of our previous study showing that labor migrants, particularly seafarers from the Adriatic coast and their steady female partners, represent a gateway for the introduction of non-B subtypes into Croatia. 6 A number of studies have demonstrated a lower prevalence of TDR (to all or some drug classes) in patients infected with non-B viruses compared with subtype B viruses. 30, 42, [46] [47] [48] [49] [50] Chilton et al. analyzed results from 10,726 resistance tests conducted on treatment-naive individuals in the UK between 2001 and 2006 showing that 4.6% of samples with non-B subtypes carried TDR mutations compared with 11.6% of samples for subtype B. 46 As the majority of patients carrying non-B subtypes likely acquired the infection in resourcelimited countries in which treatment is available to the minority of infected persons, these results are to be expected.
Several studies employing the World Health Organization HIVDR threshold survey method to assess primary resistance in antennal clinics sites in several resource-limited countries (Swaziland, Malawi, Tanzania, and South Africa) confirmed the low ( < 5%) prevalence of TDR in women infected with non-B genotypes. 51, 52 Lack of TDR in Croatian newly diagnosed patients with non-B genotypes that were probably imported via labor migrants from similar resource-limited settings (seafarers on commercial ships on various international routes) is in accordance with the results from these studies.
In conclusion, the results of this study showed a high prevalence of TDR in newly diagnosed MSM from Croatia, mainly due to 215S SDRM in patients who were a part of a transmission cluster. The prevalence of TDR to NNRTIs in Croatia was low and no PI-associated resistance was detected. An important contribution of local transmission clusters to the spread of viruses carrying the 215S mutation found in Croatia emphasizes the need for continuous surveillance of TDR in the country as well as the need to develop programs to optimize the prevention and control the spread of resistant virus.
Sequence Data
Sequences analyzed in this study are available at the EMBL Nucleotide Sequence Database under accession numbers HE653276-HE653394, FN424270-FN424273, FN424275, FN424283-FN424284, FN424286-FN424292, and FN424294-FN424299.
